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Available online xxxxThe world economy is still suffering from the severe global financial
crisis that caused the failure of several banks. This has encouraged
economists worldwide to consider alternative financial solutions and
attention has been focused on Islamic banking and finance as an
alternative model. Hence, this study examines the efficiency level of
Islamic banks during the financial crisis specifically in Middle Eastern
and Asian countries from 2007 to 2010. Moreover, bank-specific and
risk factors were examined to understand the determinants of
efficiency. The efficiency of Islamic banks is measured using data
envelopment analysis by adopting the intermediation approach. The
financial information is extracted from BankScope database for a four
year period (2007–2010) which includes 79 Islamic banks across a
number of countries. The study also critically analyses pure technical
efficiency and scale efficiency of the Islamic banks in Middle Eastern
and Asian countries and estimates their return to scale. The findings
explain that Islamic banks were able to sustain operations through
the crisis. However, the study also shows that the majority of these
Islamic banks were scale inefficient. Most of the scale inefficient
banks were operating at decreasing returns to scale. This study also
found that both profitability and capitalisation were the main
determinants of Islamic banking efficiency. Hence, the findings of
this study have policy implications and make a contribution to
policy-making by providing empirical evidence on the performance
of the Islamic banks and their efficiency levels.
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The salient features of Islamic banking are prohibition of interest payments in all transactions, and
prohibition of undertaking or financing anti-social and unethical behaviour such as gambling, pornography
and alcohol (Abdul-Majid et al., 2010). Specifically, Shari'ah-compliant finance does not allow the charging of
interest payments (i.e., riba), as only goods and services are allowed to carry a price; further, it does not allow
speculation, and prohibits the financing of specific illicit activities (Beck et al., 2013).
A severe financial crisis, traced back to mid-2007 till the end of 2009, caused the collapse of investment
banks largely due to loss of confidence in mortgage credit market in the United States. This financial crisis
has focused attention on weaknesses of conventional financial systems which in turn has led to
identification of Islamic finance as an alternative. It has been contended that Islamic finance is resilient to
shocks due to its inherent stability (Mirakhor, 2008) and that the world of banking and finance without
riba (usury) andmaysir (gambling) is a better alternative to the current scenario (Siddiqi, 2008). Iqbal and
Llewellyn (2002) emphasised that by, various means, international financial systems can benefit from
diversified financial products and operations, such as those available in Islamic banks which are
characterised by distinct risk-sharing features for each type of contract. Moreover, academics and
policymakers alike point to advantages of Shari'ah-compliant financial products, such as mismatch of
short-term, on-sight demandable deposit contracts with long-term uncertain loan contracts being
mitigated with equity and risk-sharing elements (Beck et al., 2013) and some observers have pointed to
their superior performance during the crisis (Hasan and Dridi, 2010). However, Kuran (2004) stated that
Islamic banks do not have any advantage in efficiency as compared to conventional banks. Hence, this
study aims to shed light on this issue by examining pure technical efficiency (PTE) and scale efficiency (SE)
of Islamic banks in the Middle Eastern and Asian countries during the financial crisis. Fundamentally, this
study estimates the relative efficiency of both groups of Islamic banks in Middle Eastern and Asian
countries as Islamic financial institutions have a relatively high market share in several emerging markets,
such as Malaysia and several Middle Eastern countries (Beck et al., 2013) and is currently practised in
more than 50 countries worldwide (Chong and Liu, 2009) majority of which are in Middle East and Asia.
Consequently, it is crucial to understand how Islamic banks in both Middle Eastern and Asian countries
perform during the financial crisis due to the fact that majority of Islamic banks are operating in these two
regions. The operations and performance of these Islamic banks show the importance of Islamic banking
and finance in the global financial markets. Additionally, very limited cross national comparison studies
were undertaken on the efficiency of Islamic banking especially during the recent financial crisis to explain
its determinants.]
The aim of this study is to fill the significant gap in the literature by providing up-to-date empirical
evidence on the efficiency of Islamic banks in twelve Middle Eastern countries and seven Asian countries
during 2007–2010 that includes the period of the 2007/2008 financial crisis. The efficiency estimate of
each Islamic bank is computed by using the non-parametric data envelopment analysis (DEA) method.
This method allows us to estimate three different types of efficiency measures, namely, overall technical,
pure technical, and scale efficiency. In addition, this method enables us to distinguish between three types
of return to scale (RTS), namely: the constant return to scale (CRS), decreasing return to scale (DRS) and
increasing return to scale (IRS).
The remainder of this paper is organised as follows. Section 2 provides a brief literature review focused
on the efficiency of Islamic banks across countries; followed by a description of the methodology in
Section 3. Section 4 reports the results of the analysis, comprised of the pure technical efficiency and scale
efficiency estimates for both specific frontiers as well as the return to scale estimates. Finally, Section 5
offers some conclusions.
2. Review of the literature
Despite the rapid growth of the Islamic banking and finance industry, analysis of Islamic banking at a
cross-country level is still in its infancy (Sufian and Noor, 2009). Existing studies in this area are classified
in two groups. The first group includes the studies that evaluate the efficiency of Islamic banks
geographically (see, for example: Yudistira, 2004; Sufian, 2006, 2007; Sufian and Noor, 2009). While the
second group includes the comparative analysis of the efficiency of the Islamic banks and conventionalPlease cite this article as: Rosman, R., et al., Efficiency of Islamic banks during the financial crisis: An
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Gishkori and Ullah, 2013). Some of these studies also explain the determinants of efficiency (see, for
example: Yudistira, 2004; Sufian, 2006, 2007; Sufian and Noor, 2009) which influence its level including
profitability, size, capitalization and risk.
For the first group, a cross-country analysis of the Islamic banks made by Yudistira (2004) explained
the performance of 18 Islamic banks from the Gulf Cooperation Countries (GCC), East Asian, Middle
Eastern and African countries for the period 1997 to 2000 using a non-parametric approach. In that study,
DEA was utilised to analyse the technical and scale efficiencies of the Islamic banks. The results suggested
that the Islamic banks experienced slight inefficiencies during the global crisis of 1998/1999. The
inefficiencies were related to pure technical inefficiency rather than scale inefficiency. According to
Yudistira (2004) the contributing factor to scale inefficiency was bank size. The study also found that
profitability and risk taking did not have significant effect on the overall technical efficiency of these
Islamic banks.
Sufian (2006 and 2007) examined the efficiency of the Malaysia Islamic banking sector during the
period 2001 to 2005 by utilising DEA. The findings suggested that the scale inefficiency dominated pure
technical inefficiency in the Malaysia Islamic banking industry. Also, domestic Islamic banks were
marginally more efficient compared to foreign Islamic banks. This study found that bank size has a
negative relationship with technical efficiency of Malaysia Islamic banks and further investigation
revealed that the negative relationship is more prevalent on scale efficiency. The research also established
that better capitalised banks are more efficient, and, that risk has positive relationship with both overall
and pure technical efficiency.
Sufian and Noor (2009) provided a comparative analysis of the efficiency of Islamic banking sectors in
the Middle Eastern and African (MENA) and Asian countries by utilising DEA to estimate the technical,
pure technical, and scale efficiency for each bank during the period 2001 to 2006. The findings showed
that the Islamic banks in MENA exhibited higher mean technical efficiency relative to the Islamic banks in
Asian countries. In addition, the pure technical inefficiency outweighed the scale inefficiency in both
MENA and Asia banking sectors, and the banks from MENA countries were found to be global leaders by
dominating the efficiency ratings during the period of study. They also found there are positive effects of
size, capitalization and profitability on the efficiency of Islamic banks. The risk factor proxy of loan loss
provision to total loan was found to have a negative effect on efficiency.
For the second group, Hassan et al. (2009) investigated the difference in mean cost, revenue and profit
efficiency estimates of Islamic versus conventional banks. The study evaluated cross-country level data of
40 banks in eleven Organisation of Islamic Conference (OIC) countries from 1990 to 2005. The findings
showed that there was no significant difference between the overall efficiency of the Islamic banks and the
conventional banks.
Ahmad and Abdul-Rahman (2012) examined the relative efficiency of the Islamic commercial banks
and conventional commercial banks in Malaysia using DEA for the period of 2003 to 2007. Their study
found that the conventional commercial banks outperformed the Islamic commercial banks in all
efficiency measures and indicated that the conventional commercial banks may have been more efficient
than the Islamic commercial banks due to managerial efficiency and technological advancement.
Al-Khasawneh et al. (2012) examined the efficiency of Islamic banks relative to conventional banks
operating in the North African Arab countries from 2003 to 2006 in terms of cost and revenue efficiency by
employing DEA. The sample consisted of nine Islamic banks and eleven conventional banks. The findings
indicated that the Islamic banks achieved higher average revenue efficiency scores compared to the
conventional banks in the region. However, it was found that the growth rate of the revenue efficiency
scores for the Islamic banks was less than the rate for the conventional banks.
Finally, Gishkori and Ullah (2013) employed DEA to investigate the technical efficiency of Islamic banks
and conventional banks operating in Pakistan for the period of 2007 to 2011. The sample included Islamic,
conventional and foreign banks and the study found that the source of technical inefficiency was due to
pure technical inefficiency. However, the technical inefficiency – particularly for the Islamic banks – was
due to scale inefficiency instead of pure technical inefficiency.
This study is an extension of the previous literature by providing recent empirical evidence on the
performance of the banks especially during the period of the 2007/2008 financial crisis. Moreover, this
study explores the differences in the efficiency scores between the Islamic banks in the Middle Eastern andPlease cite this article as: Rosman, R., et al., Efficiency of Islamic banks during the financial crisis: An
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throughout the world. We provide empirical evidence on how these Islamic banks sustain operations
during the financial crisis which subsequently explain the main determinants of their efficiency. Our
findings will facilitate managers of Islamic banks, policymakers and regulators in furthering their
understanding of the performance of these Islamic banks during the period of financial crisis.
3. Data and methodology
This study employed Data Envelopment Analysis (DEA) and Tobit model. This section starts by
describing the DEA and its input–output specification and then explaining the determinants used in the
Tobit model.
3.1. Data envelopment analysis
A non-parametric DEA is employed, with variable return to scale assumptions, to measure the
input-oriented technical efficiency of the Middle East and Asia Islamic banks. The term “data envelopment
analysis”was first introduced in a model developed by Charnes et al. (1978) (hereafter referred to as the CCR
model), to measure the efficiency of each decision-making unit (DMU) that is obtained as a maximum of a
ratio of weighted outputs to weighted inputs. This denotes that the more outputs that are produced from the
given inputs, the more efficient is the production. The weights for the ratio are determined by a restriction
that the similar ratios for every DMU have to be less than or equal to unity. This definition of efficiency allows
multiple outputs and inputs to be measured without requiring pre-assigned weights. Multiple inputs and
outputs are reduced to a single ‘virtual’ input and single ‘virtual’ output by optimal weights. The efficiency
measure is then a function of the multipliers of the virtual input–output combination.
Among the strengths of the DEA method are that it is less data demanding and works with a small
sample size (Canhoto and Dermine, 2003). The small sample size was among the reasons which led us to
choose DEA as the tool for evaluating the efficiency of Islamic banks in the Middle Eastern and Asian
countries. Furthermore, DEA does not require a preconceived structure or specific functional form to be
imposed on the data in identifying and determining the efficient frontier, error, and inefficiency structures
of the DMU (Bauer et al., 1998).
The CCR model presupposes that there is no significant relationship between the scale of operations
and efficiency by assuming the CRS and it delivers the overall technical efficiency (OTE). The CRS
assumption is only justifiable when all the decision-making units are operating at an optimal scale.
However, firms or decision-making units in practice might face either economies or diseconomies of scale.
Thus, if one makes the CRS assumption when not all the decision-making units are operating at the
optimal scale, the computed measures of technical efficiency will be contaminated with scale efficiencies.
Banker et al. (1984) extended the CCR model by relaxing the CRS assumption. The resulting so-called
BCC model was used to assess the efficiency of the DMU characterised by variable returns to scale (VRS).
The VRS assumption provides the measurement of pure technical efficiency, which is the measurement of
technical efficiency devoid of the scale efficiency effects. If there appears to be a difference between the
technical efficiency and pure technical efficiency scores of a particular DMU, then it indicates the existence
of scale inefficiency.
The input-oriented DEA model with VRS technologies can be represented by the following linear
programming problem:Pleas
analymin φ;λ;φ





λ is an N × 1 intensity vector of constants and φ is a scalar (1 ≥ φ ≤ ∞). N1 is an N × 1 vector ofwhere
ones. For N number of firms, yi and xi are the M × N and K × N output and input vectors, respectively. Y
comprises the data for all the N firms. Given a fixed level of inputs for the ith firm, the proportionale cite this article as: Rosman, R., et al., Efficiency of Islamic banks during the financial crisis: An
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5R. Rosman et al. / Pacific-Basin Finance Journal xxx (2014) xxx–xxxincrease in outputs to be achieved the firm is indicated by φ − 1. Note that without the convexity
constraint N1′ λ = 1, Eq. (1) becomes a DEAmodel with CRS technology. The convexity constraint implies
that an inefficient firm is benchmarked against firms of a similar size and therefore the projected point of
that firm on the DEA frontier will be a convex combination of the observed firms. In other words, each firm
would produce on or to the right of the convex production possibility frontier. If technical efficiency scores
for a particular firm with or without the convexity constraint imposed are the same, then the firm is
operating under CRS. If these scores are different, the firm operates under VRS technology. However, in
such a case, it would be necessary to identify whether the firm or the DMU operates with IRS or DRS. To do
this, an assumption of non-increasing returns to scale (NIRS) is imposed in (1) and the convexity















ð2ÞThe solution of Eq. (2) reveals the nature of the scale efficiencies. IRS exists if the technical efficiency
score obtained with NIRS technology differs from the technical efficiency estimates with VRS technology. If
both of these efficiency scores are equal, then the corresponding firm operates with DRS.
DEA can be used to derive measures of scale efficiency by using the variable returns to scale, or the BCC
model, alongside the constant returns to scale, or the CCR model. Coelli et al. (1998) noted that the BCC
model has been most commonly used since the beginning of the 1990s. A DEA model can be constructed
either to minimise inputs or to maximise outputs. An input orientation aims at reducing the input
amounts as much as possible while keeping at least the present output levels, while an output orientation
aims at maximising the output levels without increasing the use of inputs (Cooper et al., 2000).
The standard approach tomeasuring scale effects using DEA is to runmodels on both a CRS and VRS basis.
Scale efficiency is then found by dividing the efficiency score from the CRSmodel by the efficiency score from
the VRS model. Because the data points are enveloped more tightly under the VRS model, the VRS efficiency
scores will be higher and the scale efficiencymeasureswill therefore be in the range of 0 to 1. A useful feature
of the VRS model as compared to the CRS model is that it reports whether a DMU is operating at increasing,
constant, or decreasing returns to scale. Constant returns to scale will apply when the CRS and VRS efficiency
frontiers are tangential with each other; in other words, when the slope of the efficiency frontier is equal to
the ratio of inputs to outputs (Cooper et al., 2000). Increasing returns to scale must apply below that level, as
the slope of the efficient frontier, which reflects the marginal rate of the transformation of inputs to outputs,
will be greater than the average rate of conversion. Likewise, decreasing returns to scalemust apply above the
zone inwhich constant returns to scale apply. Decision-making units not on the efficient frontiermustfirst be
projected onto the efficient frontier before their returns to scale status can be assessed.
3.2. Input–output specification
The measurements of banks' outputs and inputs remain a contentious issue among researchers. In the
banking literature, two main approaches to input–output definition and measurement have been widely
used, namely, the production approach and the intermediation approach1 (Sealey and Lindley, 1977).
Since the intermediation approach has been used extensively in specifying the inputs and outputs of the
bank industry, this study adopts this approach.er the production approach, banks are primarily viewed as providers of services to customers. The inputs set under this
h include physical variables (e.g., labour and material) or their associated costs, since only physical inputs are needed to
transactions, process financial documents, or provide counselling and advisory services to customers. The output under this
h represents the services provided to customers and is best measured by the number and type of transactions, documents
ed or specialised services provided over a given time period. This approach has primarily been employed in studying the
cy of bank branches. Under the intermediation approach, financial institutions are viewed as intermediating funds between
nd investors. In our case, the Islamic banks produce intermediation services through the collection of deposits and other
s and in turn these funds are invested in productive sectors of the economy, yielding returns uncontaminated by usury
se cite this article as: Rosman, R., et al., Efficiency of Islamic banks during the financial crisis: An
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Table 3.1
Descriptive statistics of the inputs and outputs, 2007–2010.
Middle Eastern Islamic banks Asian Islamic banks
Min Max Mean SD Min Max Mean SD
Outputs
2007
Loans 0.11 26,828.01 5072.854 7986.809 0.01 5885.66 924.71 1421.08
OEA 7.50 13,725.14 2313.11 3478.51 0.10 1455.54 416.29 522.71
2008
Loans 0.17 34,788.38 5679.29 8772.56 0.00 3778.69 1009.41 1064.41
OEA 8.50 15,165.66 2169.23 3382.24 0.86 1859.14 329.89 457.22
2009
Loans 0.27 35,080.03 5003.31 8176.49 0.12 5065.73 1256.62 1553.79
OEA 3.41 12,000.36 1841.63 2730.34 8.86 2806.39 465.57 722.13
2010
Loans 2.05 32,092.72 5662.65 8351.40 0.05 7058.41 1436.48 1877.72
OEA 3.22 14,006.82 2130.77 3093.74 11.36 4939.00 596.23 1069.81
Inputs
2007
Deposit and short-term funding 4.92 38,023.77 6531.52 10,393.10 4.62 5885.66 1359.74 1670.79
Fixed assets 0.10 3426.98 356.59 727.09 0.01 46.37 8.57 12.73
Personnel expenses 1.23 1879.72 160.39 349.859 0.12 61.93 11.84 15.56
2008
Deposit and short-term funding 6.90 48,703.41 7264.71 111,493.04 3.30 6458.62 1687.96 1941.93
Fixed assets 0.71 3728.08 350.65 718.42 0.02 44.19 8.313 12.70
Personnel expenses 1.15 1225.93 134.12 249.48 0.12 67.18 10.95 15.74
2009
Deposit and short-term funding 2.12 48,175.45 6380.48 10,697.15 1.20 8095.35 2117.50 2646.69
Fixed asset 0.36 3376.72 282.77 615.53 0.04 44.73 9.85 14.48
Personnel expenses 0.05 605.42 87.51 150.19 0.13 71.89 11.47 16.89
2010
Deposit and short-term funding 47.77 42,222.84 7221.36 11,181.71 0.10 10,639.91 2359.90 3001.74
Fixed assets 0.20 2694.54 263.93 528.89 0.03 57.13 12.45 16.86
Personnel expenses 0.06 1690.60 123.44 286.48 0.14 135.66 16.82 29.51
OEA: Other earning assets.
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the Middle Eastern and Asian countries for the period of 2007 to 2010 (see Table 3.1). The outputs were loans
and other earnings assets, while the inputs were deposits and short-term funding, fixed assets and personnel
expenses. The efficiency frontierwas constructed by using an unbalanced sample of 79 Islamic banks operating
in the Middle Eastern and Asian countries during the period 2007–2010, yielding 291 bank year observations
(Table 3.2). Data was extracted from the BankScope database for the four year period. Table 3.1 depicts the
descriptive statistics of the inputs and outputs employed in this study. The statistics were calculated based on
the Middle Eastern and Asian Islamic banks and all the variables were measured in millions of US dollars.
3.3. Tobit
To test the determinants of efficiency of Islamic bank in Middle Eastern and Asian countries, three
models of efficiency (OTE, PTE and SE) will be tested against the determinants. Since the DEA technique
produces efficiency scores which are bounded by 0 and 1, hence, it is appropriate to use a limited
dependent variable approach, such as Tobit model to perform the multivariate analysis. The possible
determinants of the efficiency of Islamic banks are investigated using a random effects2 Tobit model.2 A random effects model assumed that the unobservable effects are uncorrelated with the observed explanatory variables,
whereas a fixed effects model assumes that they are correlated. In the context of a Tobit model, the statistical package Stata only
provides the random effects option. This is because the fixed effects cannot be conditioned from the likelihood, and unconditioned
fixed effects estimates are biased.
Please cite this article as: Rosman, R., et al., Efficiency of Islamic banks during the financial crisis: An
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Table 3.2
Islamic banks operating in the Middle Eastern and Asian countries during the period 2007–2010.
Year
Country 2007 2008 2009 2010
Bahrain 9 6 7 7
Bangladesh 2 2 1 2
Brunei 1 1 1 1
Indonesia 1 1 0 0
Iran 12 13 11 11
Iraq 1 2 4 4
Jordan 3 3 3 3
Kuwait 6 7 8 6
Lebanon 1 1 1 1
Malaysia 7 11 10 11
Pakistan 5 5 6 6
Palestine 1 1 1 1
Philippines 1 1 0 1
Qatar 3 3 3 3
Saudi Arabia 2 2 3 3
Singapore 1 1 1 1
Syria 1 1 1 1
UAE 7 9 10 9
Yemen 3 4 5 3
67 74 76 74









analOTEit ¼ β0 þ β1ROAit þ β2InTAit þ β3EQTAit þ β4LLPit þ μ it
PTEit ¼ β0 þ β1ROAit þ β2InTAit þ β3EQTAit þ β4LLPit þ μ it
SEit ¼ β0 þ β1ROAit þ β2InTAit þ β3EQTAit þ β4LLPit þ μ it
OTE, PTE, and SE denote the banks' technical efficiency, pure technical efficiency and scale efficiencywhere
computed from the DEA model respectively, i denotes the bank, t the examined time period, ROA denotes
the return on asset, InTA denotes the natural logarithm of total assets, EQTA denotes equity/total asset, LLP
denotes loan loss provision/net interest revenue and μ the disturbance term. The explanatory variables
and their hypothesised relationship with efficiency are shown in Table 3.3.
Four independent variables are examined in determining efficiency of the Middle East and Asia Islamic
banks. The ROA variable is included in the regression model as a proxy of profitability. Banks reporting
higher profitability ratios are usually preferred by clients and therefore attract the biggest share of
deposits and the best potential creditworthy borrowers, which in turn create a favourable environment for
the profitable banks to be more efficient (Sufian, 2009).
Further, the lnTA variable is included in the regression model as a proxy measure of size. Even though
bigger sizemay be demonstrated to be important in explaining ability of a bank to performwell, its impact on
bank performance has been ambiguous. Larger banks should pay less for their inputs due to their perceived
market power. There may also be an increasing return to scale through allocation of fixed costs over a higher.3
tive of the variables used in the Tobit model.
bles Description Expected
sign
PTE, SE Banks' technical efficiency, pure technical efficiency and scale efficiency derived from the DEA method NA
Return on asset indicating profitability +
Natural logarithm of total assets, measuring size ±
Equity/total asset, measuring capitalization ±
Loan loss provision/net interest revenue, measuring credit risk −
se cite this article as: Rosman, R., et al., Efficiency of Islamic banks during the financial crisis: An
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8 R. Rosman et al. / Pacific-Basin Finance Journal xxx (2014) xxx–xxxvolume of services or from efficiency gains from a specialized workforce (Hauner, 2005). Conversely, larger
banks may tend to be less efficient due to their management seeking a quiet life by pursuing other objectives
or by maintaining the advantages their market power produces (Berger and Hannan, 1994).
EQTA is included in the regression model to examine the relationship between efficiency and bank
capitalisation. It is widely recognized that bank capitalisation is important in explaining the performance
of financial institutions. However, previous studies have shown ambiguous relationship between
capitalisation and performance. As lower capital ratios suggest a relatively risky position, one might
expect a negative coefficient (Berger, 1995) but it could be the case that higher levels of equity would
lower the cost of capital (Molyneux, 1993).
Risk management is another important event undertaken by financial institutions to ensure that they
are performing well. Credit risk is one of the important factors influencing the performance of a bank. The
variable LLP is included in the regression model to examine the relationship between efficiency and credit
risk. Problem loans may be caused by exogenous events and may bring along some extra expenses that
lead to deterioration in efficiency. To some extent, banks may incur both extra costs and non-performing
loans simply because they are poorly managed which in turn decrease efficiency (Resti, 1997).
4. Findings and discussion
In this section, the results of the analysis of technical change in the Middle East and Asia Islamic
banking are discussed. The efficiency was measured by the DEA method which can be decomposed into
pure technical efficiency and scale efficiency components. Moreover, in the event of the existence of scale
inefficiency, the nature of the returns to scale of Islamic banks can be explained. The efficiency of the
Islamic banks in the Middle Eastern countries and Asian countries was examined separately due to the
different environments in these two regions.
By referencing to the guidelines proposed by Isik and Hassan (2002) and Sufian and Noor (2009),
constructing an annual frontier specific to each year is more flexible and thus more appropriate than
estimating a single multi-year frontier for the banks in the sample. Hence, there are separate annual
frontiers for each year for both the Middle East and Asia banks separately. The principal advantage of using
panel data is the ability to observe each bankmore than once over a period of time (Isik and Hassan, 2002).
This advantage is critical in a continuously changing business environment because the technology of a
bank that is efficient in one period may not be efficient in another (Sufian and Noor, 2009).
4.1. Efficiency of the Middle East Islamic banking sector
Figure 4.1 shows the efficiency trends for the Islamic banks in the Middle Eastern countries. The overall
technical efficiency reached its peak in 2008 and declined in 2009 and 2010. In addition, it is clear from theFigure 4.1. Overall technical efficiency, pure technical efficiency and scale efficiency of Middle Eastern Islamic banks, 2007–2010.
Please cite this article as: Rosman, R., et al., Efficiency of Islamic banks during the financial crisis: An
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Table 4.1
Summary statistics of efficiency scores of Middle Eastern Islamic banks.
Banks Min Max Mean SD
Panel A: Middle Eastern Banks 2007
Overall technical efficiency 0.064 1.000 0.462 0.306
Pure technical efficiency 0.145 1.000 0.796 0.263
Scale efficiency 0.064 1.000 0.609 0.323
Panel B: Middle Eastern Banks 2008
Overall technical efficiency 0.043 1.000 0.541 0.292
Pure technical efficiency 0.103 1.000 0.770 0.261
Scale efficiency 0.09 1.000 0.718 0.288
Panel C: Middle Eastern Banks 2009
Overall technical efficiency 0.06 1.000 0.415 0.279
Pure technical efficiency 0.07 1.000 0.706 0.301
Scale efficiency 0.133 1.000 0.624 0.284
Panel D: Middle Eastern Banks 2010
Overall technical efficiency 0.071 1.000 0.402 0.281
Pure technical efficiency 0.196 1.000 0.723 0.290
Scale efficiency 0.072 1.000 0.594 0.300
Panel D: Middle Eastern Banks All Years
Overall technical efficiency 0.043 1.000 0.454 0.292
Pure technical efficiency 0.07 1.000 0.747 0.280
Scale efficiency 0.064 1.000 0.636 0.300
9R. Rosman et al. / Pacific-Basin Finance Journal xxx (2014) xxx–xxxdata reported in Table 4.1 that during the study period, the Islamic banks exhibited mean overall technical
efficiency of 45.4%. This result suggests that the Islamic banks could have saved 54.6% of the inputs to
produce the same amount of outputs that they produced. In other words, the Islamic banks could have
produced the same amount of outputs by using only 45.4% of the amount of inputs used.
The decomposition of the overall technical efficiency into its pure technical and scale efficiency
components suggests that the scale inefficiency dominates the pure technical inefficiency of the Islamic
banks during all the years in the study period. This means that the source of inefficiency of the Islamic
banks is that their operations were at the wrong scale. The Islamic banks were either operating at
increasing return to scale or decreasing return to scale. IRS indicates that an increase in inputs resulted in a
higher increase in outputs, while DRS means that an increase in inputs resulted in lower output increases.
As the source of inefficiency for the Islamic banks was largely the scale inefficiency, Table 4.2 shows the
percentage share of the Islamic banks' return to scale.
According to the data reported in Table 4.2, the majority of the Islamic banks were operating at DRS
(71.4% in 2007; 53.8% in 2008; 59.7% in 2009; and 65.4% in 2010). Operating at DRS means that when the
bank increased its inputs, the result would be a less than proportionate increase in their outputs. Some of
the banks were operating at IRS (16.3% in 2007; 27% in 2008; 26.3% in 2009; and 21.1% in 2010) where a
rise in inputs resulted in a more than proportionate rise in outputs. Only a small percentage of the IslamicTable 4.2
Middle Eastern Islamic banks' RTS for 2007, 2008, 2009 and 2010 (percentage share).
Year IRS CRS DRS Total
2007 No. of banks 8 6 35 49
% share 16.3 12.3 71.4 100
2008 No. of banks 14 10 28 52
% share 27 19.2 53.8 100
2009 No. of banks 15 8 34 57
% share 26.3 14 59.7 100
2010 No. of banks 11 7 34 52
% share 21.1 13.5 65.4 100
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14% in 2009; and 13.5% in 2010). These were the only banks operating at the right scale.
The result is not surprising since many studies have found that the source of technical inefficiency is
mainly scale inefficiency (see, for example: Miller and Noulas, 1996; Isik and Hassan, 2002; Maghyereh,
2004; Hassan, 2006; Sufian, 2006, 2007; Mohd Tahir et al., 2009). Hence, the Islamic banks that
experienced IRS in their operations could achieve significant cost savings and efficiency gains by
increasing their scale of operations. In this case, the substantial gains can be obtained by altering the scale
via internal growth or further consolidation in the sector (Sufian and Noor, 2009). In contrast, the Islamic
banks that were operating at DRS should consider downsizing because those banks have already grown
beyond their most productive scale size. However, it is more time-consuming to rectify scale inefficiency
as compared to pure technical inefficiency (Avkiran, 2006).4.2. Efficiency of the Asia Islamic banking sector
Figure 4.2 illustrates the trends in the efficiency of the Asian Islamic banks. The overall technical
efficiency reached its peak in 2009 from the lowest score in 2007. However, it dropped again in 2010.
Table 4.3 shows that during the study period, the Islamic banks exhibited a mean overall technical
efficiency of 67.1%. This result suggests that the Islamic banks could have saved 32.9% of the inputs to
produce the same amount of outputs that they produced. In other words, by using 67.1% of the inputs
used, the Islamic banks could have produced the same amount of outputs.
Furthermore, by examining both the pure technical efficiency and scale efficiency, it is found that the
scale inefficiency outweighed the pure technical efficiency in each year except in 2007. However,
interestingly, the difference between the scale efficiency and pure technical efficiency was minimal. This
might be due to the higher overall technical efficiency score achieved by the Islamic banks in the Asian
countries. Similarly, the decomposition of overall technical efficiency into its pure technical and scale
efficiency components suggests that the scale inefficiency dominated the pure technical inefficiency of the
Islamic banks for every year in the study period except 2007. This means that the source of inefficiency of
the Islamic banks is that their operations were at the wrong scale (i.e., either producing at IRS and DRS).
Table 4.4 shows the percentage share of the Islamic banks' return to scale.
In the Asian countries, the majority of the Islamic banks were operating at DRS for the four year period
except in 2008 (44.4% in 2007; 36.4% in 2008; 47.4% in 2009; and 64% in 2010). Operating at DRS means
that when the bank increased its inputs, the result was a less than proportionate increase in their outputs.
A higher percentage of the Islamic banks can be found operating at the optimum scale, that is, the constant
return to scale (27.8% in 2007; 40.9% in 2008; 42.1% in 2009; and 18% in 2010). These were the only banks
operating at the right scale. Finally, a smaller percentage of the banks were operating at IRS (27.8% inFigure 4.2. Overall technical efficiency, pure technical efficiency and scale efficiency of Asian Islamic banks, 2007–2010.
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Table 4.3
Summary statistics of efficiency scores of Asian Islamic banks.
Banks Min Max Mean SD
Panel A: Asian Banks 2007
Overall technical efficiency 0.003 1.000 0.611 0.318
Pure technical efficiency 0.114 1.000 0.730 0.266
Scale efficiency 0.004 1.000 0.828 0.244
Panel B: Asian Banks 2008
Overall technical efficiency 0.09 1.000 0.677 0.292
Pure technical efficiency 0.132 1.000 0.847 0.230
Scale efficiency 0.09 1.000 0.803 0.260
Panel C: Asian Banks 2009
Overall technical efficiency 0.339 1.000 0.750 0.261
Pure technical efficiency 0.351 1.000 0.889 0.173
Scale efficiency 0.42 1.000 0.839 0.214
Panel D: Asian Banks 2010
Overall technical efficiency 0.297 1.000 0.647 0.279
Pure technical efficiency 0.319 1.000 0.817 0.210
Scale efficiency 0.355 1.000 0.787 0.228
Panel D: Asian Banks All Years
Overall technical efficiency 0.003 1.000 0.671 0.292
Pure technical efficiency 0.114 1.000 0.823 0.292
Scale efficiency 0.004 1.000 0.812 0.234
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proportionate rise in outputs.
Even though the majority of the Islamic banks operated at DRS, it is found that there is a high
percentage of the Islamic banks actually operating at the optimum scale particularly in 2008 and 2009. The
banks operating at CRS were operating at the right scale. Similarly, the Islamic banks that exhibited IRS in
their operations could achieve significant cost savings and efficiency gains by increasing their scale of
operations and the Islamic banks that were operating at DRS should consider downsizing because those
banks have already grown beyond their most productive scale size.4.3. Determinants of Islamic banking efficiency
In order to find the determinants of Islamic banks' efficiency as depicted in Figure 4.3, three panel Tobit
regression models are tested for each separate two groups of Islamic banks. The two groups are Middle
East Islamic banks and Asia Islamic banks. The common determinants are the bank-specific and risk factors
(namely, size, profitability, capitalisation and credit risk). The natural logarithm of total assets is the proxyTable 4.4
Asian Islamic banks' RTS for 2007, 2008, 2009 and 2010 (percentage share).
Year IRS CRS DRS Total
2007 No. of banks 5 5 8 18
% share 27.8 27.8 44.4 100
2008 No. of banks 5 9 8 22
% share 22.7 40.9 36.4 100
2009 No. of banks 2 8 9 19
% share 10.5 42.1 47.4 100
2010 No. of banks 4 4 14 22
% share 18 18 64 100
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Table 4.5
Summary of Model 1, Model 2 and Model 3 results — Middle Eastern Islamic banks.
Model 1 Model 2 Model 3
OTE PTE SE
Coef. P N (t) Coef. P N (t) Coef. P N (t)
ROA 0.012⁎⁎ 0.029 0.021⁎⁎ 0.018 0.001 0.875
lnTA −0.017⁎⁎ 0.056 0.002 0.893 −0.013 0.195
EQTA 0.006⁎⁎⁎ 0.002 0.001 0.648 0.007⁎⁎⁎ 0.001
LLP 0.000 0.465 −0.000 0.424 0.000 0.381
Constant 0.438 0.000 0.808 0.000 0.583 0.000
Sigma 0.2793 0.0181 0.4375 0.0376 0.2987 0.0191
⁎ Significant at 10 percent levels.
⁎⁎ Significant at 5 percent levels.













Figure 4.3. Determinants of Islamic banking efficiency.
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capitalisation; and the loan loss provision by net interest revenue3 is the proxy of credit risk.
There are six models to examine the determinants of overall technical efficiency, pure technical
efficiency and scale efficiency, respectively. Table 4.5 summarises the results of Models 1, 2 and 3 for the
Middle East Islamic banks; and Table 4.6 summarises the results of Model 4, 5 and 6 for the Asia Islamic
banks.
Firstly, the results showed that profitability had significant positive effect on efficiency for both Middle
East Islamic banks and Asia Islamic banks. For the Middle East Islamic banks, profitability had significant
positive effect on both overall technical efficiency and pure technical efficiency at 5% level. Meanwhile,
profitability had a significant positive effect on all the efficiency measures for Asia Islamic banks at 1%
level. This is well explained as previous studies (see, for example: Pasiouras, 2008; Sufian, 2009) found a
significant positive relationship between profitability and efficiency. This supports the notion that banks
becomemore efficient as a by-product of enhancing their profitability. As indicated by Sufian (2009), from
the point of view of intermediation activities, the profitable banks tend to be more efficient.
Secondly, it is found that size had a significant negative effect on overall technical efficiency for Middle
East Islamic banks at 10% level. This finding supports earlier studies (see, for example: Isik and Hassan,
2002, 2003) that found a negative relationship. In the case of this study, the negative relationship might be
due to the findings that the majority of the Middle East Islamic banks were operating at decreasing to3 BankScope standardised the use of net interest revenue for both conventional banks and Islamic banks where it equates the net
profit from financing of Islamic banks. For Islamic banks, the net interest revenue is defined as the sum of the positive and negative
income flows associated with the PLS arrangements (Cihak and Hesse, 2008).
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Table 4.6
Summary of Model 4, Model 5 and Model 6 results — Asian Islamic banks.
Model 4 Model 5 Model 6
OTE PTE SE
Coef. P N (t) Coef. P N (t) Coef. P N (t)
ROA 0.166⁎⁎⁎ 0.000 0.115⁎⁎⁎ 0.005 0.115⁎⁎⁎ 0.000
lnTA 0.026 0.453 0.085⁎⁎ 0.018 −0.018 0.521
EQTA 0.006⁎ 0.069 0.005⁎ 0.089 0.005⁎ 0.086
LLP 0.005⁎⁎⁎ 0.002 0.003⁎⁎ 0.017 0.005⁎⁎⁎ 0.001
Constant 0.191 0.521 0.069 0.806 0.733 0.004
sigma 0.3165 0.0352 0.3169 0.0407 0.2325 0.0252
⁎ Significant at 10 percent levels.
⁎⁎ Significant at 5 percent levels.
⁎⁎⁎ Significant at 1 percent levels.
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5% level. This finding is also supported by previous studies (see, for example: Hauner, 2005; Hassan, 2006).
In these cases, the management of the bigger banks was more efficient in converting their inputs into
outputs regardless of their scale.
Thirdly, capitalisation had a significant positive effect on overall technical efficiency and scale efficiency
of Middle East Islamic banks at 1% level. Also, it is found that capitalisation had a significant positive effect
on all the efficiency measures of Asia Islamic banks at 10% level. This positive relationship with bank
efficiency is expected as studies (see, for example: Isik and Hassan, 2003; Casu and Girardone, 2004;
Sufian and Noor, 2009) viewed the higher level of equity as a cushion for future losses. As suggested by
Sufian and Noor (2009), the more efficient banks, ceteris paribus, use less leverage (i.e. more equity)
compared to their peers.
Finally, credit risk as represented by the loan loss provision per net interest revenue is the relationship
between provisions in the profit and loss account and their interest income over the same period.
Surprisingly, it is found that the credit risk had a significant positive effect on both overall technical
efficiency and scale efficiency at 1%; and on pure technical efficiency at 5% for Asia Islamic banks. This
finding is in contradiction to previous studies (see, for example: Kwan and Eisenbeis, 1997; Resti, 1997)
which found negative relationship between problem loans and bank efficiency. Furthermore Ahmad and
Hassan (2007) proposed that this ratio should be as low as possible. The possible reason of this positive
relationship might be because the efficient banks may provide higher provision on their financing to be
more prudent in managing their financing activities during the study period. Hence, higher ratio of loan
loss provision per net interest revenue.
5. Conclusion
In conclusion, the Islamic banks in both Middle Eastern and Asian countries on average can be
characterised as purely technically efficient throughout the periods. This indicates that the banks'
managementwas able to efficiently control the costs and use themix of inputs to produce outputs regardless
of the scale effects. Comparatively, on average, the overall technical efficiency scores of the Islamic banks in
the Asian countries were higher than in theMiddle Eastern countries. The average overall technical efficiency
scores for the Asia Islamic banks were between 61% and 75%, whereby for the Middle East banks the scores
were between 40% and 54%. This gap may be due to the variation of Islamic banks that represent the Middle
Eastern countries (57 banks from 12 countries), whichmay have caused the average score to be quite low for
their region. In contrast, the variation of the Islamic banks in the Asian countries was smaller (22 banks from
seven countries) with the majority of the Islamic banks from Malaysia.
In terms of the source of technical inefficiency, it is found that the main source of technical inefficiency
was due to the Islamic banks operating at the wrong scale, particularly as the majority of Islamic banks
were operating at DRS in the Middle Eastern countries. Hence, they needed to reduce their inputs to
achieve optimum scales. In the case of the Islamic banks in the Asian countries, even though the source ofPlease cite this article as: Rosman, R., et al., Efficiency of Islamic banks during the financial crisis: An
analysis of Middle Eastern..., Pac.-Basin Finance J. (2014), http://dx.doi.org/10.1016/j.pacfin.2013.11.001
14 R. Rosman et al. / Pacific-Basin Finance Journal xxx (2014) xxx–xxxtechnical inefficiency was still the scale inefficiency, the difference between the average scores of pure
technical efficiency and scale inefficiency was minimal. In addition, both profitability and capitalisation are
the common determinants that have a significant positive effect on efficiency for both Middle East and
Asia Islamic banks during the financial crisis.
This study provides a significant contribution as its findings can give policymakers, regulators, bank
management, and international bodies such as the Islamic Financial Services Board better insight into the
performance of Islamic banks during the financial crisis. The issues related to the scale inefficiency of the
majority of the Islamic banks may need to be addressed. The policymakers and bank management should
consider downsizing because these Islamic banks have already grown beyond their most productive scale.
Finally, due to its limitations, this study could be extended in a number ofways. The scope of this study can
be extended to explain the comparative efficiency of both Islamic banks and conventional banks. In addition,
further investigation of changes in productivity over time as a result of technical change can be explored by
employing the Malmquist Productivity Index to supplement the DEA approach taken in this study.References
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